Aims. A strong outburst in the X-ray continuum and a change of its Seyfert spectral type was detected in HE 1136-2304 in 2014. The spectral type changed from nearly Seyfert 2 type (1.95) to Seyfert 1.5 type in comparison to previous observations taken ten to twenty years before. In a subsequent variability campaign we wanted to investigate whether this outburst was a single event or whether the variability pattern following the outburst was similar to those seen in other variable Seyfert galaxies. Methods. In addition to a SALT spectral variability campaign, we carried out optical continuum as well as X-ray and UV (Swift) monitoring studies from 2014 to 2017. 
Introduction
It is generally known that Seyfert 1 galaxies are variable in the optical and in X-rays on timescales of days to decades. Several active galactic nuclei (AGN) have shown variations in the X-ray continuum by a factor of more than 20 (e.g., Grupe et al. 2001 Grupe et al. , 2010 . AGN that show extreme X-ray flux variations in combination with X-ray spectral variations, i.e., when a Compton-thick AGN becomes Compton-thin and vice versa, were designated as changing-look AGN (e.g., Guainazzi 2002) . By analogy, optical changing-look AGN exhibit transitions from type 1 to type 2 and vice versa. In this case, the optical spectral classification can change due to a variation in the intrinsic nuclear power/accretion power, a variation in reddening, or a combination of the two. Typical transition timescales are months to years.
To date about a dozen Seyfert galaxies are known to have changed their optical spectral type, for example, NGC 3515 (Collin-Souffrin et al. 1973) , NGC 4151 (Penston & Perez 1984) , Fairall 9 (Kollatschny et al. 1985) , NGC 2617 (Shappee et al. 2014) , Mrk 590 (Denney at al. 2014 ) and references therein. Further recent findings are based on spectral variations detected by means of the Sloan Digital Sky Survey (SDSS) (e.g., Komossa et al. 2008 , LaMassa et al. 2015 , Runnoe et al. 2016 , MacLeod et al. 2016 . In most of these recent findings only a few optical spectra of the individual SDSS galaxies have been secured to prove their changing-look character. 
21
′ 36 ′′ ) has been detected as a variable X-ray source by the XMMNewton slew survey in 2014 (Parker et al. 2016 ). The 0.2-2 keV flux increased by a factor of about 30 in comparison to the ROSAT all-sky survey in 1990. However, no clear evidence of Xray absorption variability has been seen. HE 1136-2304 changed its optical spectral classification from 1994 (Seyfert 2/1.95) to 2014 (Seyfert 1.5) and can be considered an optical changinglook AGN.
We decided to study the variability behavior of HE 1136-2304 subsequent to its X-ray outburst in 2014 in detail. We carried out optical photometric and spectroscopic variability follow-up studies in combination with Swift UV and X-ray photometric observations to investigate the variability behavior of this changing-look galaxy on timescales of weeks to years. The outburst in HE 1136-2304 could have been caused by a tidal disruption event, by a less drastic variation in the intrinsic nuclear power/accretion power, or by significant variation in the absorption. Although detailed and long-term optical variability studies exist for many AGN, for example NGC 5548 (Peterson et al. 2002 , Pei et al. 2017 , NGC 7603 (Kollatschny et al. 2000) , and 3C 390.3 (Shapovalova et al. 2010) , no detailed follow-up studies have been reported for the changing-look-type AGN mentioned above. This is the first paper in a series. We will discuss the spectral variations seen in 2015 and the broad-line region structure in HE 1136-2304 in a second paper in detail.
Throughout this paper, we assume that H 0 = 70 km s
with a ΛCDM cosmology with Ω Λ =0.73 and Ω M =0.27. With a redshift of z=0.0271 this results in a luminosity distance of D L = 118 Mpc using the Cosmology Calculator developed by Wright (2006) .
Observations and data reduction

Optical spectroscopy with the SALT telescope
We took a first optical spectrum of the Seyfert nucleus in HE 1136-2304 with the 10 m Southern African Large Telescope (SALT) nearly simultaneously with X-ray observations by XMM-Newton on 2014 July 07, just after the X-ray flaring (Parker et al. 2016) . To study the subsequent variability behavior, we took additional optical spectra at 17 epochs with the SALT telescope between 2014 December 25 and 2015 July 13. To examine the long-term trend, four additional spectra were taken: three spectra in 2016 between January 12 and May 31 and one spectrum in 2017 on May 15. The log of our spectroscopic observations with SALT is given in Table 1 . The Julian dates in all tables mark the beginning of the observations. We acquired 16 spectra between 2015 February and 2015 July with a mean interval of 9 days. The spacing of our observations was not regular.
The shortest time interval between two subsequent observations was four days.
All spectroscopic observations were taken under identical instrumental conditions with the Robert Stobie Spectrograph attached to the SALT telescope using the PG0900 grating. The slit width was fixed to 2 ′′ . 0 projected onto the sky at an optimized position angle to minimize differential refraction. Furthermore, all observations were taken at the same air mass thanks to the particular design feature of the SALT. All spectra were taken with exposure times of 10 to 20 minutes (see Table 1 ). Typical seeing full width at half maximum (FWHM) values were 1 to 2 arcsec.
We covered the wavelength range from 4355 to 7230 Å at a spectral resolution of 6.5 Å . The observed wavelength range corresponds to a wavelength range from 4240 to 7040 Å in the rest frame of the galaxy. There are two gaps in the spectrum caused by the gaps between the three CCDs: one between the blue and the central CCD chip, and one between the central and red CCD chip covering the wavelength ranges 5206-5263 Å and 6254-6309 Å (5069-5124 Å and 6089-6142 Å in the rest frame). All spectra were wavelength corrected to the rest frame of the galaxy (z=0.0271).
In addition to the galaxy spectra, we also observed necessary flat-field and Xe arc frames, as well as spectrophotometric standard stars for flux calibration (EG274, LTT3218, LTT7379). The spatial resolution per binned pixel was 0
′′
. 2534 for our SALT spectra. We extracted eight columns from our object spectrum corresponding to 2 ′′ . 03. The reduction of the spectra (bias subtraction, cosmic ray correction, flat-field correction, 2D wavelength calibration, night sky subtraction, and flux calibration) was done in a homogeneous way with IRAF reduction packages (e.g., Kollatschny et al. 2001) . We obtained typical S/N values of 40 in the continua of the galaxy spectra.
Great care was taken to ensure high-quality intensity and wavelength calibrations to keep the intrinsic measurement errors very low, as described in Kollatschny et al. (2001 Kollatschny et al. ( , 2003 Kollatschny et al. ( , 2010 . Our AGN spectra and our calibration star spectra were not always taken under photometric conditions. Therefore, all spectra were calibrated to the same absolute [O iii] (Reimers et al. 1996) . The flux of the narrow emission line [O iii] λ5007 is considered to be constant on timescales of many years. A relative flux accuracy on the order of 1% was achieved for most of our spectra.
Optical, UV, and X-ray observations with Swift
After the discovery of the X-ray flaring in June 2014 (Parker et al. 2016) , we started monitoring HE 1136-2304 with Swift (Gehrels et al. 2004 ) in X-rays and the UV/optical. All Swift observing dates and exposure times are listed in Tables 2, 3 , and A.1).
Most X-ray observations with the Swift X-ray Telescope (XRT, Burrows et al. 2005) were performed in photon counting mode (pc-mode, Hill et al. 2004 ). However, the four observations in 2014 August were performed in windowed timing mode. For the pc-mode data, source counts were collected in a circular region with a radius of 30 pixels (equivalent to 70 ′′ ) and background counts in a nearby source-free circular region with a radius of 90 pixels (equal to 210 ′′ ). The windowed timing source and background spectra were selected in Table 2 . Swift monitoring: V, B, U, UVOT W1, M2, and W2 observed flux densities in units of 10 −15 erg s −1 cm −2 Å −1 (columns 2 to 7) and magnitudes in the Vega system (columns 8 to 13). V  B  U  UVW1  UVM2  UVW2  V  B  U  UV W1  UV M2  UVW2  (1) (2) (3) (4) (5) (6) (7) (8) Article number, page 3 of 25 Table 3 . Swift monitoring: Julian date, UT date, XRT 0.3-10 keV count rates (CR) and hardness ratios (HR 1 ), X-ray photon index Γ, the observed 0.3-10 keV X-ray flux in units of 10 −11 erg s −1 cm −2 , reduced χ 2 of the simple power-law model fit (pl), X-ray photon index Γ for an intrinsic absorber, and reduced χ 2 for an intrinsic absorbed power-law model fit (zwa * pl) of HE 1136-2304. No additional absorber required. The fit is consistent with Galactic absorption alone. 4 These observations were performed in windowed timing mode.
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Fit using Cash Statistics (Cash 1979) boxes with a width of 40 pixels each. Spectra were extracted with the FTOOL XSELECT. An auxiliary response file (ARF) was created for each observation using xrtmkarf. We applied the Swift XRT response file swxpc0to12s6_20130101v014.rmf and swxwt0to2s6_20131212v015.rmf for the pc and WT data, respectively. Most spectra were rebinned to have at least 20 counts per bin using grppha. For some spectra the number of counts was too low to allow χ 2 statistics. These data were fitted by Cash statistics (Cash 1979) . The spectral analysis was performed in XSPEC (Arnaud 1996) .
We fitted the X-ray spectra first with a simple power-law model with the absorption parameter fixed to the Galactic value. In addition, we fitted a power-law model with redshifted intrinsic absorption (zwa) to the data with the redshift fixed to the redshift of HE 1136-2304. For some spectra we found some evidence of a low intrinsic absorption on the order of 1×10 ; however, in most cases the absorption column density of the absorber was consistent with the Galactic value and the fits did not require any additional absorber. Finally, all spectra were fitted with a single power-law model with Galactic absorption (N H,gal ; Kalberla et al. 2005) . As indicated in Table 3 , we also fitted the data with a redshifted intrinsic absorber model. Count rates, hardness ratios, and the best fit values obtained are listed in Table 3 . The hardness ratio is defined as HR = counts(0.3-1.0 keV)/counts(1.0-10.0 keV). In order to deter-mine a background corrected hardness ratio, we applied the program BEHR by Park et al. (2006) . During most observations, the Swift UV-Optical Telescope (UVOT, Roming et al. 2005) observed in all six photometric filters UVW2 (1928 Å), UVM2 (2246 Å), UVW1 (2600 Å), u (3465Å), b (4392 Å), and v (5468 Å). Before analyzing the data, all snapshots in one segment were combined with the UVOT tool uvotimsum. The flux densities and magnitudes in each filter were determined by the tool uvotsource using the count rate conversion and calibration, as described in Poole et al. 2008 and Breeveld et al. 2010 . Source counts were extracted in a circle with a radius of 5 ′′ and background counts in a nearby sourcefree region with a radius of 20 ′′ . The UVOT fluxes listed in Table 2 are not corrected for Galactic reddening. The reddening value in the direction of HE 1136-2304 is E B-V = 0.03666, deduced from the Schlafly & Finkbeiner (2011) re-calibration of the Schlegel et al. (1998) infrared-based dust map. Applying equation 2 in Roming et al. (2009) , who used the standard reddening correction curves by Cardelli et al. (1989) , we calculated the following magnitude corrections: v corr = 0.110, b corr = 0.143, u corr = 0.180, UVW1 corr = 0.226, UVM2 corr = 0.324, UVW2 corr = 0.270. For all Swift UVOT magnitudes used in this publication we adopted the Vega magnitude system.
Optical photometry with the MONET North and South telescopes
Additional optical B-, V-, and R-band photometric data were collected with the 1. (Kabath et al. 2009) , also located at the Universitätssternwarte Bochum. Per night 15 dithered 60 s exposures were obtained. We performed standard data reduction including corrections for bias, dark current, flatfield, astrometry, and astrometric distortion before combining the dithered images, separated by telescope, night, and filter. As in Pozo Nuñez et al. (2015) a 7 ′′ . 5 diameter aperture was used to extract the pho-1 https://www.astro.rub.de/Astrophysik/BESTII.html tometry and to create flux-normalized light curves relative to 15 nonvariable stars located in the same images, within 10 ′ around HE1136−2304, and of similar brightness to HE1136−2304. Absolute calibration was performed using standard reference stars from Landolt (2009) observed on the same nights as the AGN. We also corrected for atmospheric (Patat et al. 2011) and Galactic foreground extinction (Schlafly & Finkbeiner 2011) .
A list of the photometric observations is given in Table A .3. Figure 1 shows the mean spectrum of HE 1136-2304 based on our SALT variability campaign in 2015 together with the Swift B-and V-band filter curves; the Bochum B, V, and NB 670 filter curves; and the MONET B, V, and R filter curves. The Bband filter curves are shown in blue, the V-band filter curves are given in green, and the R-band filter curves in red. The fluxes in the filter bands are contaminated by both constant and variable emission line contributions.
Results
Optical, UV, and X-ray continuum variations
First we created optical B-and V-band light curves based on the absolute calibration of the Swift data. Then we generated B and V light curves by measuring the continuum flux in the SALT spectra at 4570 Å and 5360 Å in the rest frame. Afterwards we created light curves based on the B-and V-band intensities taken with the MONET telescopes. Additionally, we created light curves based on the B and V photometry observed at Cerro Armazones. We intercalibrated all these light curves to the B-and V-band Swift data (Table 4 ). The fluxes in these light curves are not corrected for Galactic absorption. We applied a multiplicative scale factor and an additional flux adjustment component to put the light curves on the same scale and to correct for differences in the host galaxy contribution. These differences are caused by different aperture sizes and by the different instruments attached to our telescopes. Table 3 . The X-ray 0.3-10 keV flux and count rate are clearly variable by a factor of about 5. We also checked whether there is any significant variability in the hardness ratio and photon index Γ. The 2015 data may suggest hardening. However, testing whether there is any correlation between the count rate and the hardness ratio and Γ, we only found a weak trend with a Spearman rank order correlation coefficient of -0.30 between the count rate and hardness ratio, but with a probability of 6% that this result is just random. This random result is confirmed when checking the correlation between the count rate and Γ, which results in a Spearman rank order correlation coefficient of r s = 0.06 with a probability P = 0.74 of a random result. We therefore conclude that there is no obvious connection with the X-ray flux/count rate variability and the variability of the hardness ratio. The distribution of the hardness ratios is almost Gaussian. Table 4 . Julian date, UT date, and B-and V-band fluxes taken with the MONET North/South (MN/MS) and VYSOS 16 (V16) telescopes, and with the Swift satellite (SW), as well as corresponding continuum fluxes taken with SALT (S A&A proofs: manuscript no. HE1136kontvarv12final Table 4 gives the derived B and V fluxes of HE 1136-2304 based on the Swift data, SALT spectra, photometric data obtained with the Cerro Armazones, and the MONET/North and South telescopes from 2014 to 2017. All these photometric data have been intercalibrated with respect to the Swift data. In addition, we list the B and V values based on the ESO spectrum taken in 1993 (Reimers et al. 1996) , and those based on the 6dF spectrum taken in 2002 (Jones et al. 2004) . Figure 5 shows the X-ray, UV, and optical Swift light curves for our detailed campaign in 2015 from April until August in one plot to compare their amplitudes. During these months the source was observed weekly. Figure 5 is a zoom-in of the middle part of Figure 4 . The UV and optical Swift bands closely follow the X-ray light curve. The X-ray light curve exhibits the strongest variability amplitudes. On the other hand, the Swift V band only shows minor variations in contrast to the other bands. Table 5 gives the variability statistics based on the Swift continua (XRT, W2, M2, W1, U, B, V). We indicate the minimum and maximum fluxes F min and F max , peak-to-peak amplitudes R max = F max /F min , the mean flux over the period of observations <F>, the standard deviation σ F , and the fractional variation . The results are similar to those based on the Swift data only. Furthermore, we give the variability statistics based solely on the dedicated variability campaign in 2015.
In comparison to the complete data set, the peak-to-peak amplitudes and the fractional variations are smaller because the optical high state in 2014 is not included (see Figures 2 and 3) .
We compare our results with those from other spectroscopic AGN variability campaigns. In comparison to photometric campaigns, these spectroscopic variability campaigns are typically based on small apertures. Therefore, we additionally calculated the variability statistics based on our small aperture spectral data taken with SALT without intercalibration with respect to the large aperture photometric data.
Finally, we present the variability statistics after subtracting the nonvariable flux contribution of the host galaxy. This results in significantly higher variability amplitudes in all individual wavebands (Table 5, Col. 2). The derivation of the host galaxy flux contribution is described in the following two sections. Figure 6 displays the DSS1 image of HE 1136-2304 (Scale: 2 x 2 arcmin; pixel size 1.7 arcsec) as well as a B-V two-color image (bottom) based on VYSOS 16 data. The nucleus of HE 1136-2304 is surrounded by a spiral or S0 host galaxy; the radial profile of the surface brightness shows a central bulge structure and an extended disk structure in the DSS1 image. Some asymmetry of the outer isophotes might be connected with the object located to the east at a distance of 12 arcsec.
Host galaxy contribution to the optical continuum flux
The observed flux of the variable AGN component is contaminated by the flux contribution of the host galaxy. The relative contribution of the host galaxy in the individual bands differs since the central nonthermal component has a different flux distribution from the stellar component of the host galaxy. Furthermore, the flux contribution of the host galaxy depends on the size of the aperture. In addition, we compare the accuracy and the results based on the photometric observations taken with Swift on the one hand and spectroscopic observations taken with SALT on the other hand. These photometric and spectroscopic observations were carried out with different apertures. All other photometric data were intercalibrated with respect to the absolute fluxes of Swift. Finally, we compare our results with those of Parker et al. (2016) . Their results are based on only two spectra obtained in 1993 and 2014 and taken with different instruments and apertures.
We estimate the relative contribution of the constant host galaxy flux by means of the flux variation gradient (FVG) method (Choloniewski 1981 , Winkler et al. 1992 , Haas et al. 2011 , Ramolla et al. 2015 . This method disentangles the varying AGN flux in our aperture from the constant host galaxy contribution. We obtained B and V flux values of HE 1136-2304 based on the 5" aperture of the Swift UVOT. Furthermore, we derived B-, V-, and R-band fluxes for the SALT spectra by convolving them with the B, V, and R filter curves (IRAF task sbands). We measured the fluxes at wavelengths close to the maxima of the filter curves (B-band filter: 4300 Å; V-band filter: 5400 Å; Rband filter: 6100 Å) with widths of a few hundred Å. In this way we excluded the contribution of emission lines in the spectra (see Fig. 1 ). These B, V, and R values are presented in Table 6 . Figure 9 shows the B versus V flux variations based on the Swift photometric data taken with a 12 arcsec aperture.
Once we know the integrated flux values of the host galaxy plus AGN as well as the host galaxy contribution, we can derive the AGN flux contribution in the individual bands. All these values are listed in Table 7 . We present these values separately for the measurements based on the SALT spectra (based on the smaller aperture) and for the Swift data (based on the larger aperture). Furthermore, we give all these flux values in units of mJy and in units of 10 with the conversion formula
where F mJy,λ is the flux in units of mJy, F the flux in units of 10
, and λ the wavelength in Å.
Article number, page 10 of 25 The derived host galaxy fluxes in the B and V bands (based on the Swift data) are a factor two higher than those based on the SALT spectra because the larger extraction area of the Swift UVOT (10 arcsec diameter) collects more flux of the extended host galaxy than the SALT spectra do (2 x 2 arcsec only). However, the mean AGN fluxes derived on the basis of the SALT spectra are similar to those based on the Swift UVOT data (last three rows in Table 7 ). The AGN contribution based on the SALT spectra corresponds to 60%, 51%, and 41% in the B, V, and R band, respectively. The AGN contribution in the Swift UVOT B and V band decreases to 38% and 25%, respectively, because of their larger aperture.
Swift inter-band correlation analysis and host galaxy contribution in the UV/optical bands
The Swift X-ray, UV, and optical light curves based on the variability campaign in 2015 are shown in Figure 5 . They all exhibit a similar variability pattern except for the V band, which exhibits no major variability amplitudes.
Based on these light curves we present the cross-correlation functions ICCF(τ) of all the Swift UVOT bands with respect to the XRT light curve in Figure 10 . In addition, we show the autocorrelation function (ACF) of the XRT band. We used the crosscorrelation method as described in, e.g., Dietrich & Kollatschny (1995) and Kollatschny et al. (2014) . Table 8 lists the maximum correlation coefficient r max of the individual Swift bands with re- . The X-ray count rates (CR), the X-ray photon index Γ of a simple power-law model, and the hardness ratios (HR) are also shown. The UVOT W2, M2, W1, U, B, and V magnitudes are given in the Vega system. spect to the XRT band as well as the lags with respect to the XRT band. We derive the centroids of these ICCF, τ cent , by using only the part of the CCF above 80% of the peak value. It has been shown by Peterson et al. (2003) that a threshold value of 0.8 r max is generally a good choice. We determine the uncertainties of our cross-correlation results by calculating the crosscorrelation lags many times using a model-independent Monte Carlo method known as flux redistribution/random subset selection (FR/RSS). This method was described by Peterson et al. (1998) . The uncertainties correspond to 68% confidence levels.
The V-band light curve does not show any significant correlation with respect to the X-ray light curve (see Figure 10 ). This might be caused by the nonthermal AGN contribution in the V band being less than 25% (see Table 7 ). Furthermore, the light distribution of the host galaxy is not exactly point-like, as seen in Figure 6 . Therefore, measurements made with a large aperture in the V band are more sensitive to small-scale deviations from an exact centering. By contrast, the X-ray and UV bands are dominated by the central nonthermal point source. Additionally, the V band is contaminated by the variable Hβ line (see Figure 1) . Figure 11 shows the time delay of the Swift UV and optical bands with respect to the Swift X-ray light curve as a function of wavelength. The V band has been excluded here as it showed no correlation. The dashed line shows the most general fit to the data:
with λ 0 = 25 Å. The b-value and the power-law index c have been allowed to vary. First we determined the fit parameter b = 0.003±0.020 light-days giving a hint on the size of the X-ray emitting region at λ 0 = 25 Å (corresponding to λ pivot of XRT filter). Afterwards we kept b fixed and calculated the exponent c. The best fit to the data gives c = 1.3±0.1. This value is consistent with a theoretically expected value c = 1.33 = 4/3 for an irradiated accretion disk (see discussion section). The UV and optical spectral energy distribution of HE 1136-2304 based on our Swift data taken in 2015 is presented in Figure 12 with black symbols. The red open circles show the contribution of the host galaxy in the individual bands. The host contribution in the B and V bands is based on the flux variation gradient analysis (section 3.2). We calculated the contribution of the host galaxy in the UV bands by scaling an Sb spectrum (Kinney et al. 1996) with respect to the B and V fluxes of the host galaxy. (XRT, W2, M2, W1, U, B, V) and on the combined B and V light curves (Swift, SALT, MONET, Cerro Armazones) in units of 10 −15 erg s −1 cm −2 Å −1 and 10 −11 ergs s −1 cm −2 for the 0.3-10 keV X-ray data. In addition, we give the statistics solely for the dedicated campaign in 2015. Finally, we present the variability statistics based solely on the SALT spectra with their small aperture. In the second column the variability statistics is given after subtraction of the host galaxy flux. The AGN flux in the individual bands has been determined by subtracting the flux of the host galaxy from the observed flux.
Cont
The blue filled squares in Figure 12 give the AGN flux contribution in the individual Swift bands. Knowing the AGN flux contribution in the individual Swift bands, we can derive the pure fractional variations in those bands. We present the fractional variations of the UV and optical continuum bands recorded with Swift in 2015 as a function of wavelength in Figure 13 . The contribution of the host galaxy flux has been subtracted from the individual filter bands. We then add (in red) the fractional variations in the B and V bands on basis of our measurements with the different telescopes in 2015. There is a clear trend of increasing fractional variation of the AGN towards the UV. The dashed line shows a general fit to the data with a value c = 0.84. We present the fractional variation of the X-ray band together with the fractional variations of the UV/optical bands in Figure 14 . The fractional variations in X-rays are the strongest (as seen in Table 5 ). However, the fractional variations in X-rays do not follow the same trend as seen for the fractional variations in the UV and optical bands. An extrapolation of the fit in the UV and optical bands does not line up with the X-ray observations. This is an indication that the origin of the X-ray continuum emission is not connected in a simple way with the origin of the UV/optical emission (see Section 4.2).
Spectral type changes and long-term variability of HE 1136-2304
The first spectrum of HE 1136-2304 was taken in 1993 (Reimers et al. 1996) . At that time no broad Hβ emission line component was present in the spectrum. type in 1993. Another spectrum of HE 1136-2304 was obtained on 2002 May 16 as part of the 6dF Galaxy Survey (Jones et al. 2004) . At this time HE 1136-2304 was of the same spectral AGN type as it was nine years earlier. The AGN type had changed to Seyfert 1.5 when we took an optical spectrum in 2014 July (Parker et al. 2016 ). This happened together with an increase in the optical continuum flux and with a strong increase in X-ray flux.
In Figure 15 the spectra of HE 1136 HE -2304 HE taken in 1993 HE , 2002 HE , 2014 HE , 2015 HE , 2016 HE , and 2017 are shown to present line profile changes. The spectra are shifted by a constant with respect to each other. Figures 16 and 17 show the Hβ and Hα spectral regions in more detail. The mean spectrum for 2015 is based on the variability campaign carried out in 2015. We will present details of this campaign in a separate publication. The spectrum shown for 2016 is the mean of two spectra taken in May 2016. The strong broad component in the Hβ line profile that appeared in 2014 remained there for the subsequent years until 2017. No major profile changes occurred. HE 1136-2304 remained a Seyfert 1.5 type.
We compared the spectral variations of the data from 1993 to 2017 with the variability behavior in the optical and X-ray continuum. Figure 18 shows the X-ray and optical B-band continuum variations from 2014 to 2016. The long-term trends for 1993-2017 are presented in Figure 19 . The Swift X-ray data and the ROSAT upper limit for 1990 are presented in red (axis label on the left side). The optical continuum variations are given in blue.
We scaled the amplitude of the optical light curve with respect to the X-ray light curve. The scaling has been carried out with regard to nearly simultaneous observations in the optical and X-rays in 2014 July and for the combined variability campaign in 2015. The axis label for the blue continuum is given on the right side. Dramatic continuum variations in X-rays and in the optical occurred between 2014 and 2016. The optical continuum closely follows the X-ray flux. HE 1136-2304 was in a low state in X-rays and in the optical before 2000.
Discussion
One of the main goals of our optical, UV, and X-ray variability campaign was to investigate the variability behavior of the changing-look AGN HE 1136-2304 subsequent to the outburst in 2014 July. Our campaigns in X-rays and UV, and at optical wavelengths lasted for two and three years, respectively.
A strong and sudden outburst in AGN can in principle be caused by three different events: gravitational lensing, a tidal disruption event (TDE), or major changes in the accretion process. Light curves caused by a lensing effect should exhibit a characteristic smooth, single-peaked shape (e.g., Bruce et al. 2017). A tidal disruption event is characterized by a sudden dramatic rise in luminosity and a steady decline to quiescence on timescales of months to years (Rees 1988) . Some candidates for TDEs in X-rays, UV, and optical bands have been presented by, e.g., Komossa & Bade (1999) , Gezari et al. (2008) , and Holoien et al. (2016) . However, the variability pattern of HE 1136-2304 following the outburst in 2014 shows various outbursts on timescales of days to months typical for "ordinary" AGN variability (see Figures 2, 3, and 4) . Therefore, we can rule out a micro lensing or tidal disruption event as the cause of the observed variability pattern seen in HE 1136-2304. Cross correlation curves of HE 1136 Fig. 10 . Cross-correlation functions ICCF(τ) of the Swift bands UVW2, UVM2, UVW1, U, B, and V with respect to the XRT light curve. Also shown is an auto-correlation function (ACF) of the XRT band. Table 8 . Swift inter-band correlation coefficients (r max ) and lags (τ).
XRT ( ability periods of 6-12 months: e.g., NGC 5548 (Peterson et al. 2002 , Fausnaugh et al. 2016 ), 3C 120 (Kollatschny et al. 2014 ). For variability campaigns over longer periods, typical F var continuum values at 5100 Å are to 0.1 to 0.25: e.g., NGC 5548 (Peterson et al. 2002) , Ark 564 (Shapovalova et al. 2012) , Mrk 110 (Kollatschny et al. 2001 ), or 3C 120 (Kollatschny et al. 2014 , and a collection of many AGN in Kollatschny et al. 2006 . This higher F var value is caused by the irregular variations of AGN on longer timescales. There is a higher probability for observing stronger variability amplitudes when monitoring over longer periods of time. We determined optical F var values of 0.11 (5360 Å) and 0.14 (4570 Å) for our campaign in 2015 (based on the SALT spectra). Our value of 0.11 for F var indicates that the continuum variations of HE 1136-2304 were equal to or even stronger than other AGN, in particular after correcting for the flux contribution of the host galaxy. For a more detailed inspection of the AGN variability, the contribution of the host galaxy starlight should be subtracted before comparing the amplitudes of different AGN. The relative contribution of the host galaxy flux is quite different in spectroscopic and photometric data (see Table 7 ). The typical contribution of the host galaxy is larger if it is based on broadband photometry because the typical aperture for broadband photometry is larger than that for spectral photometry. One way to estimate the contribution of the host galaxy is to create nucleus-free images of the AGN based on HST images (e.g., Bentz et al. 2009) or by decomposition of the observed AGN spectra (e.g., Barth et al. 2015) . Typical values for the relative host galaxy flux contribution are on the order of 20% to 60% in optical AGN spectra (see Figure 4 in Barth et al. 2015) . The flux variation gradient (FVG) method (Choloniewski 1981 , Winkler et al. 1992 , Haas et al. 2011 , Ramolla et al. 2015 is another way to estimate the relative contribution of the host galaxy flux to the variable continuum flux. A typical value for the relative contributions of the host galaxy flux is on the order of 50% (e.g., Haas et al. 2011) for broadband photometry. The contribution of the host galaxy flux in HE 1136-2304 amounts to 50% (for spectrum photometry) and to 75% (for broadband photometry) in the V band. Therefore, the variability amplitude in HE 1136-2304 remains quite high in comparison to other AGN after subtraction of the host galaxy flux.
Comparison of X-ray variations against UV/optical variations
The time delays of the individual Swift UV/optical light curves with respect to the Swift X-ray light curve are presented in Figure 11. There is a trend that the UV/optical light curves at higher frequencies show shorter delays. A general fit to the data in Figure 11 resulted in a value of 0.003±0.020 light-days for the fit parameter b in τ = b((λ/λ 0 ) c − 1), with λ 0 = 25Å. This functional form of τ has been discussed before by Edelson et al. (2015) and Fausnaugh et al. (2016) indicates that the X-ray emission originates at a distance of a few Schwarzschild radii from the center which is consistent with the last stable orbit of a Schwarzschild black hole.
The second parameter we derived from the general fit shown in Figure 11 is the parameter c = 1.3±0.1. This value is close to a theoretically expected value c = 1.33 = 4/3 for an irradiated accretion disk where the geometrically thin, optically thick accretion disk is hotter in the inner radii and cooler in the outer radii (e.g., Cackett et al. 2007 , Edelson et al. 2015 . The optical continuum is delayed by about three light-days with respect to the X-ray variations. Similar delays of approximately 3 to 4 light-days of the optical continuum bands with respect to the UV/X-ray bands have also been seen in Swift variability campaigns of NGC 2617 (Shappee et al. 2014 ) and NGC 5548 (Fausnaugh et al. 2016) . A further indication that the optical continuum in HE 1136-2304 is delayed with respect to the ionizing continuum will be presented in a future paper (Kollatschny et al., in prep.) where we show that the outer line wings, for example in Hβ, respond faster than the adjacent optical continuum.
As shown in Figure 13 , the fractional variability F var of the continuum bands is a function of their wavelength. The variations are stronger at shorter wavelength bands. This means that the strength of the fractional variability can be considered as a proxy for the distance of the continuum emitting region with respect to the center. Similar to the time delay of the individual continuum bands, we can test whether a power-law model
is consistent with the observations. The optimal c value c = 0.84 we found is close to a simple power law with c = 1:
. Furthermore, as shown in Figure 14 , the fractional variations in the X-ray band are 50% stronger than those in the UV bands. However, the magnitude of the fractional variation in X-rays is not simply a continuation of the general trend seen in the UV and optical bands. This indicates that the observed X-ray emission does not exactly follow the same trend as the UV/optical emission. The UV/optical continuum emission is generally associated with blackbody emission from the accretion disk (e.g., Hubeny et al. 2001 ).
We tested whether the observed trend of the fractional variability in the UV/optical bands of HE 1136-2304 is present in other galaxies as well, for example in NGC 5548. An extensive variability campaign of NGC 5548 has been carried out in 2014 (Edelson et al. 2015 , Fausnaugh et al. 2016 . Their fractional variability data of NGC 5548 are shown in Figure However, there are different trends when comparing the variably pattern in X-rays and in the UV/optical observed in HE 1136-2304 with those seen in NGC 5548 (Edelson et al. 2015) . The UV/optical light curves of HE 1136-2304 show the same pattern as the X-ray light curve, while this is not the case in NGC 5548 (Edelson et al. 2015) . Furthermore, in HE 1136-2304 the strongest variability is observed in X-rays, while this is not the case in NGC 5548. Edelson et al. (2015) suspected that the X-ray flux may not drive the UV/optical light curves in NGC 5548 because of his findings. Such a statement cannot be made for HE 1136-2304 based on its light curves. took a spectrum in 2014 July. The spectral type of HE 1136-2304 had changed to be of Seyfert 1.5. Since then the spectral type remained the same (see Figures 15 to 17 ). There are no major variations present in the Balmer line profiles for the period from 2014 to the present. However, the optical and X-ray continua varied a lot at the same time (see Figure 18 ).
It has been discussed by Parker et al. (2016) whether the outburst seen in 2014 was caused by a flare due to a stellar disruption event (e.g., Komossa & Bade 1999) . In that case we would have expected a general decline in the continuum flux of HE 1136-2304 over time. However, the observed long-term behavior with repeated phases of decreasing and increasing continuum flux between 2014 and 2017 contradicts this scenario.
On the other hand, Elitzur et al. (2014) flux increased by a factor of more than ten. The B-band continuum flux (without correction for the host galaxy contribution) increased by more than 60%, and the spectral type changed from a nearly Seyfert 2 type to a Seyfert 1.5 type. A similar scenario, but with decreasing continuum flux, has been found for Fairall 9. The continuum flux dropped to 20% of its original flux in 1978, and its spectral type changed from a quasar/Seyfert 1 type to a Seyfert 1.95 type within six years (Kollatschny & Fricke, 1985) . Spectral variations of this kind generally occur on timescales of years. However, the spectral type variations seem not to follow the continuum intensity variations on shorter timescales (weeks to months). In 2015, HE 1136-2304 varied in the X-rays by a factor of eight within two months (see Figure 18 ), whereas the broadline profiles varied only marginally over the period from 2014 to 2017 (see Figure 15) . A detailed discussion of the spectral variability campaign carried out in 2015 will be presented in a separate paper (Kollatschny et al., in prep.) .
Summary
We present results of an optical, UV, and X-ray monitoring campaign of the changing-look AGN HE 1136-2304 carried out from 2014 to 2017. This campaign took place after a continuum outburst in the optical and X-rays in 2014 July connected to a spectral change from a Seyfert 1.95 to a Seyfert 1.5 type. Our findings can be summarized as follows:
(1) The optical, UV, and X-ray continuum light curves show the same variability pattern. The amplitude decreases with increasing wavelength. It varies by a factor of eight in X-rays, by a factor of four in the UV, and by a factor of two in the optical continuum between 2014 and 2016. The amplitude in the optical increases by a factor of three after correction for the host galaxy contribution. (2) No general trend was visible in the variability pattern. This rules out that the outburst in 2014 was caused by gravitational lensing or by a tidal disruption event. In these cases we would have expected a general decrease in the emitted continuum flux. (3) The optical B-band continuum light curve is delayed by about three days with respect to the X-ray light curve.
(4) The spectral type of HE 1136-2304 remained as Seyfert 1.5 between 2014 and 2017 despite its strong continuum variations at the same time. 
